pKa of the protonated Schiff base and aspartic 85 in the bacteriorhodopsin binding site is controlled by a specific geometry between the two residues.
The structure and function of the light-driven proton pump bacteriorhodopsin appear to be determined by the exact geometrical conformation of specific groups in the retinal binding site, including bound water molecules. This applies to the pKa values of the protonated Schiff base, which links the retinal chromophore to Lys216, and to Asp85. In the present work we show that the geometrical constraints imposed by the ring structures of several synthetic retinals can induce substantial changes in the pKa values of the Schiff base and of Asp85. Thus, the artificial pigments derived from 13-demethyl-11,14-epoxyretinal (2) and 13-demethyl-9,12-epoxyretinal (3) show protonated Schiff base pKa values of 8.2 +/- 0.1 and 9.1 +/- 0.1, respectively, as compared with 13.3 in the native (all-trans-retinal) pigment. We also suggest that in both systems the pKa of Asp85 increases from 3.2 in the native bR to above 9. Analogous, though smaller, effects are obtained for artificial bR pigments derived from 12,14-ethanoretinal (4), 11,13-propanoretinal (5), 11,13-ethanoretinal (6), and p-(CH3)2N-C6H4-HC = CH-C(CH3) = CH-CHO 7. The effects of geometry on the pKa values (those on Asp85 being more pronounced) are attributed to the disruption of the original, well-defined, structure in which the Schiff base and its Asp85 counterion are bridged by bound water molecules. These results are the first to show that it is possible to modify the pKa values of the Schiff base and Asp85 in appropriate artificial pigments, without inducing intrinsic pKa changes in the chromophore or introducing a mutation in the protein.(ABSTRACT TRUNCATED AT 250 WORDS)